Alkaline phosphatase (ALP) is a membrane-bound enzyme that catalyzes the hydrolysis of inorganic and organic monophosphate esters at alkaline pH. Although the functions of ALP are p r l y understood, it is believed to be involved in membrane transport. Because little is known about the functions and distribution of ALP in the sweat glands, we studied the localization of ALP in human Sweat glands with light and electron miaoscopic enzyme cytochemistry. In &e sweat glands, ALP was restricted to the cell membranes of intercellular canaliculi. Lumiaal cell membranes of secretory cells that are in continuity with intercellular canaliculi did not show ALP activity. These results suggest that ALP participates in the production of primary sweat at intercellular ~~ canaliculi. In apocrine sweat glands, basal cell membranes of secretory cells and myoepithelial cell membranes that were in apposition with each other showed ALP activity, where as no activity was seen in eccrine sweat glands. These d&rences in the distribution of ALP in myoepithelial cells between eccrine and apocrine Sweat glands might be related to the functional differences of these sweat glands. ALP histochemistry could help to diagnose and to determine the direction of differentiation in Sweat gland tumors. ( J Histochem Cytochem 43:927-932, 1995) 
Introduction
The human body possesses both eccrine and apocrine sweat glands. Eccrine sweat glands, which are smaller than apocrine sweat glands, are distributed all over the body surface. Their main function is the control of body temperature (1). Eccrine sweat consists mostly of water and electrolytes. The eccrine sweat gland is a simple tubular epithelium consisting of the duct and the secretory portion. The secretory portion of eccrine sweat glands consists of three types of cells: clear cells, dark cells, and myoepithelial cells (1) . The dark cells border almost all the luminal surface of the secretory tubule, whereas clear cells rest either directly on the basement membrane or on the myoepithelial cells. Where two or more clear cells abut, intercellular canaliculi are formed. Not infrequently, the lateral cell membrane of the dark cell forms part of the orifice of a canaliculus. Intercellular canaliculi are pouches extending from the luminal surface of secretory cells (2) . Apocrine sweat glands, the larger sweat glands, are mainly distributed on the axillary and genital skin. They represent remnants of an odor-producing organ found in lower animals. The secretory portion of apocrine glands consists of secretory cells and myoepithelial cells (1). A single layer of secre-tory cells surrounded by myoepithelial cells forms the tubular secretory portion of apocrine sweat glands. Apocrine secretory cells do not form intercellular canaliculi. Myoepithelial cells in eccrine and apocrine sweat glands are spindle-shaped and are positioned longitudinally or obliquely to the axis of the secretory tubule, between secretory cells and the basement membrane.
Alkaline phosphatase (ALP) (orthophosphoric monoester phosphohydrolase; EC 3.1.3.1) is a group of enzymes that are membraneassociated glycoproteins. ALP catalyzes the hydrolysis of inorganic and organic monophosphate esters at alkaline pH. Although this enzyme is widely distributed in human tissues, its physiological functions are not fully understood. The high activity of ALP in the kidney, liver, and intestine suggests that this enzyme might participate in membrane transport (3). Past reports have demonstrated the ALP activity in the eccrine and apocrine sweat glands (4) (5) (6) (7) . The presence of ALP was also reported in some sweat gland tumors, such as eccrine hidrocystoma (8) . However, precise localization of ALP in normal human eccrine and apocrine sweat glands is still poorly understood. Therefore, the purpose of this study was to clarify the localization of ALP in human eccrine and apocrine sweat glands. To demonstrate enzyme activity, enzyme cytochemical methods for light and electron microscopy were employed.
Materials and Methods
Materials. Tissues for eccrine sweat glands were obtained from margins of surgical specimens. The number and location of specimens were two breasts. one buttock. and one sole. Tissues for apocrine Sweat glands were surgical waste from three patients with osmidrosis.
Tissue-Tek OCT compound was a product of Miles (Elkhart. IN). Naphthol AS-MX phosphate, Fast red RC salt, Pglycerophosphate Na. and levamisole were purchased from Sigma (St Louis. MO). Lead citrate was a product of Kishida Chemical (Osaka, Japan).
Light Microscopic Enzyme Cytochemistry. Small pieces of samples were embedded in Tissue-Tek OCT compound and quickly frozen by immersion in liquid nitrogen. Five-pm cryostat sections were cut and fixed for 5 min in cold acetone.
Light microscopic enzyme histochemistry was performed by the azo dye method (9) . Histochemical reaction medium was prepared fresh by mixing 5 mg naphthol AS-MX phosphate. 0.5 ml N,N-dimethylformamide, 25 m10.2 M Tris-HCI buffer (pH 8.3). 40 mg Fast red RC salt, and 25 ml distilled water. Therefore, the final concentration of each ingredient was 0.24 mM naphthol AS-h4X phosphate, 1% (v/v) N,N-dimethylformamide. 0.1 M Tris, 2 mM Fast red RC salt, at a final pH of 8.3. The medium was filtered through Toyo No. 2 filter paper before use. The sections were incubated in the reaction mixture for 5 min. 15 min. 30 min. 1 hr. 2 hr. and 3 hr at 20°C. After washing in running water for 15 min. the sections were mounted in glycerol gelatin and coverslipped.
Electron Microscopic Enzyme Cytochemistry. Small pieces of skin were fixed with 2% glutaraldehyde in 0.1 M cacodylate buffer for 1 hr at 4'C. They were washed in 0.1 M cacodylate buffer, pH 7.4. Sweat glands were isolated in cold 0.1 M cacodylate buffer. pH 7.4, under a stereomicroscope using tweezers, as previously reported (IO). Glands were washed in 0.1 M cacodylate buffer, pH 7.4, supplemented with 8% sucrose and left ovcrnight at 4'C in the same buffer.
Electron microscopic enzyme cytochemistry for ALP was carried out by the lead citrate method (11) . The reaction medium was prepared by mixing 1.4 ml 0.2 M Tris-HCI buffer (pH 8.5). 0.8 g sucrose, 2.0 ml 0.1M B-glycerophosphate Na, 2.6 ml 0.015 M MgS04. and 4.0 ml 0.5% lead citrate. The 0.5% lead citrate was prepared by adding 3.5% (vh) 1 N NaOH and the solution was vigorously vortexed. Therefore. the final concentration of each ingredient was (in mM): 28 Tris. 20 P-glycerophosphate Na, 3.9 MgS04, 2.0 lead citrate, 8Oh sucrose. at a final pH of 9.0 (11) . Glands were incubated in the ALP reaction mixture for 20 min at 37°C. The sweat and post-fixed with 1% Os04 in 0.1 M cacodylate buffer for 60 min. dehydrated in graded series ofethanol, and embedded in Epon 812. Silve-gold ultra-thin sections were cut. stained with uranyl acetate, and observed with a JEOL JEM l2OOEX electron microscope and photographed at 80 kV.
Eccrine Sweat Glands
Light microscopic enzyme histochemistry demonstrated red reaction product. Capillaries around the sweat glands showed the strongest reaction. After 5-min incubation, capillaries showed a positive reaction, whereas eccrine and apocrine sweat glands showed no reaction. After 15-min incubation, eccrine secretory cells began to show small granular reaction product. After 30-min incubation, many small sites of reaction products were observed on the secretory cells, whereas the luminal border of secretory cells and the periphery of the glands were negative for the enzyme reaction (Figure 1 ). Because of the resolution of the light microscope, it was impossible to localize precisely the reaction products in eccrine secretory cells. In eccrine sweat glands, the periphery of glands where myoepithelial cells reside did not show any staining. Prolongation of incubation time up to 3 hr did not greatly change the staining pattern. although it became a little more intense. Even after 3 hr of incubation, background staining was minimal.
Electron microscopic enzyme cytochemistry for ALP showed that cell membranes of intercellular canaliculi exhibited positive reaction (Figure 2a ). Not only clear cell membranes but also dark cell membranes in intercellular canaliculi showed ALP activity ( Figure  2b) . Interestingly, luminal cell membranes that were in continuity with cell membranes of intercellular canaliculi were negative for enzyme activity (Figure 2b ). Myoepithelial cells in eccrine sweat glands were negative for ALP ( Figure 2c ). Infolding basolatcral cell membranes, in which previous study had shown rich Na,K-ATPase glands were then rinsed in 0.1 M cacodylate buffer containing 8% sucrose activity (IO), were negative for enzyme activity (Figure 2c ). Coiled 
Apocrine Sweat Gland
After 15-min incubation, the periphery of apocrine sweat glands began to show positive reaction products with light microscopic enzyme histochemistry. After 30-min incubation, the periphery of the glands where myoepithelial cells reside showed positive reaction. The luminal borders of apocrine secretory cells did not show ALP reaction (Figure 3) .
Electron microscopic enzyme cytochemistry demonstrated the reaction products on the interface of secretory cells and myoepithelial cells (Figure 4 ). Although myoepithelial cell membranes next to secretory cells were positive for the enzyme, cell membranes close to interstitial tissue were negative for enzyme activity (Figure 4a ). Both luminal and lateral cell membranes of secretory cells were negative for ALP activity. High-magnification electron micrographs showed that not only myoepithelial cell membranes but also basal cell membranes of apocrine secretory cells adjoining myoepithelial cell membranes appeared positive for enzyme activity (Figure 4b ).
Control Study
Omission of substrates from the incubation medium completely abolished the reaction in both light and electron microscopic enzyme cytochemistry. Addition of 2.5 mM levamisole to the reaction medium completely inhibited the light and electron microscopic reaction for ALP. 
Discussion
The ALPS are a group of membrane proteins that are anchored to cell membrane lipid bilayers by a phosphatidylinositol-glycan moiety attached to the carboxyl terminus of the protein (12). At least four gene loci encode the protein moieties of ALP. The LlBlK locus determines the so-called liver/bonelkidney or "tissue nonspecific" ALP and is expressed in virtually all tissues. The intestinal locus determines the intestinal ALP that is expressed on the brush border of intestinal epithelial cells. The placental locus determines placental ALP. The placenta-like locus determines so-called "placenta-like" ALP that is similar to placental ALP in structure and character. Previous works demonstrated high activity of ALP in kidney, bone, liver, intestine, and placenta (3) . Although the h n ctions of ALP are still unclear, it has been suggested that ALP participates in transfer of elements through cell membranes, probably via phosphorylation of an L-serine residue at the enzyme active site (13) .
We employed light and electron microscopic enzyme cytochemistry, using different substrates, for demonstration of ALP activity in human sweat glands. Both methods showed ALP activity in eccrine and apocrine sweat glands, although electron microscopic enzyme cytochemistry was much better in resolution. Indeed, it was impossible to localize ALP activity to intercellular canaliculi without electron microscopy. It is most unlikely that the ALP activity detected in this study was due to Na.K-ATPase. First, previous studies showed that ouabain-sensitive Na,K-ATPase was localized on the basolateral cell membrane of eccrine secretory cells and outer cells of eccrine duct (lOJ4). No activity of Na,K-ATPase was shown in intercellular canaliculi of eccrine sweat glands or in myoepithelial cells. Second, the ALP activity shown in this study was completely inhibited by levamisole, which is a specific inhibitor of ALP (15) .
The present work demonstrated the presence of ALP in human eccrine and apocrine sweat glands. In eccrine secretory cells, intercellular canaliculi showed positive reaction, whereas luminal cell membranes that were in continuity with intercellular canaliculi were negative for enzyme activity. This result suggests that intercellular canaliculi are not simply extensions of luminal cell membranes but that they are differentiated structures that may play a key role in the production of primary sweat. The presence of ALP in eccrine sweat glands further supports the hypothesis that this enzyme is related to membrane transport. The functional relevance of ALP to membrane transport and production of primary sweat remains to be further studied.
The present work is in accord with previous studies that showed the presence of ALP in myoepithelial cells of apocrine sweat glands (4, 6) . In addition, we showed more precise localization of ALP in apocrine sweat glands with electron microscopic enzyme cytochemistry ( Figure 4 ). h u n g et al. (16) reported a similar distribution of ALP in lactating rat mammary glands with electron microscopic enzyme cytochemistry. They reported that ALP activity was localized on myoepithelial cell membranes and basal membranes of secretory cells. Many early researchers claimed that ALP could be used as a universal marker for myoepithelial cells. However Garrett and Harrison (17) showed that not all myoepithelial cells in all species can be detected by ALP activity. Myoepithelial cells in human eccrine sweat glands did not show ALP activity in the present study.
Myoepithelial cells in eccrine and apocrine sweat glands are very similar in structure. However they are different in their distributions of ALP. ALP in myoepithelial cells of apocrine sweat glands is not likely to take part directly in the production of apocrine sweat. Although the functions of myoepithelial cells in sweat glands are not fully understood, it is believed that myoepithelial cells give mechanical strength against the secretion of primary sweat and give secretory force by contraction (18,19) . Previous studies showed ALP activity in muscles (13, 20) and in myoepithelial cells of various excretory glands (16,21-23 ). This suggests that ALP is involved in the contraction of muscles and myoepithelial cells. Because apocrine sweat is more viscous than eccrine sweat, apocrine myoepithelial cells would be under higher mechanical pressure and would require more mechanical strength for contraction. Therefore, the higher activity of ALP in myoepithelial cells of apocrine sweat glands than in those of eccrine sweat glands may be well suited for the secretion of viscous apocrine sweat.
